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Plant Injury and Disease 
 
 The effect of damage caused by blowing soil, leaf 
contact with high speed winds and hail will all create a 
similar level of wounding that is often sufficient for 
pathogens that require wounds to enter (infect) plants.   As 
we look at the level of disease and crop damage we can 
identify several examples in the corn and soybean disease 
systems when this can be a factor that could lead to 
significant disease development and possibly trigger a 
disease management action.  
 Hail and wind damage can result in an open canopy 
which can affect the microclimate and impact disease 
development.  For example, results from research 
conducted at the University of Illinois demonstrated that 
simulated hail injury could increase gray leaf spot disease 
severity in areas of the field where the canopy was more 
open (Bradley and Ames, 2010).  Anyone that has walked 
a corn field has noticed more disease in open spots in the 
field, along edges, or pivot roads.  This increase in disease 
severity is the result of the canopy changing temperature 
more rapidly and dew periods being lengthened, thus 
favoring disease development.   
 In this research project, although simulated hail injury 
had a significant effect on plant yield both years (Table 1), 
the application of a foliar fungicide (either pyraclostrobin 
or azoxystrobin) did not improve yield compared to 
nontreated controls that were also injured (analysis of 
variance not shown).   
 
Table 1.  Effect of simulated hail damage on disease 
severity and corn yield averaged across fungicide 
treatments.
z
   
Year 
Simulated 
Hail Damage  
Disease 
Severity (%)y 
Yield 
(bu/A) 
2007 No  44 b 171 a 
 Yes  52 a 139 b 
2008 No  4 c 165 a 
 Yes  4 c 116 c 
z 
Values within a column followed by the same letter are 
not significantly different (P≤0.05). 
y
 Percentage of the leaf above the ear leaf covered by gray   
leaf spot lesions.
  
University of Illinois, Bradley and Ames, 2010. 
 
 However, foliar fungicides did significantly reduce 
disease severity of gray leaf spot when disease was more 
severe in 2007, in contrast to 2008 when disease severity 
was low likely due to lower relative humidity during the 
growing season (Table 2).  
 
Table 2.  Effects of foliar fungicides on disease severity 
averaged across simulated hail treatments.
z
   
Year, fungicide Disease Severity (%)y 
2007  
  Nontreated Control 59 a 
  Azoxystrobin (Quadris) 44 b 
  Pyraclostrobin (Headline) 41 b 
2008  
  Nontreated Control 4 c 
 Azoxystrobin (Quadris) 5 c 
  Pyraclostrobin (Headline) 4 c 
z 
Values followed by the same letter are not significantly 
different (P≤0.05). 
y
 Percentage of the leaf above the ear leaf covered by gray   
leaf spot lesions. 
University of Illinois, Bradley and Ames, 2010. 
 
 
 The pathogens causing bacterial diseases are those 
most commonly affected by plant wounding and will 
typically result in greater disease severity if temperatures 
are conducive.   
 
Goss’s Bacterial Wilt and Blight 
 
 Goss’s wilt of corn is one of the best and most recent 
examples of diseases that are impacted by wounding.  The 
disease is caused by the bacterium, Clavibacter 
michiganensis subsp. nebraskensis, which takes advantage 
of wounds to infect plants.  There is no known insect 
vector for the plant, but the bacteria commonly utilize 
wounds created by hail, wind, and sandblasting.  In 
addition, the bacteria are known to be able to survive on 
the surface of corn leaves (epiphytically) without infecting 
and causing symptoms when a wound is created.  Its 
capability to do so, is likely why symptoms may develop 
on the wind-beaten upper leaves or middle leaves, instead 
of on the lower leaves, like most other residue borne 
diseases.    
Management of Goss’s Wilt 
Genetic Resistance:  Resistant corn hybrids are available 
to help reduce the disease severity in fields with a history 
of the disease or nearby disease.  However, resistant 
hybrids are NOT immune to the disease, and can still 
develop Goss’s wilt, but usually to a lesser extent. 
Although, a severe wounding event, especially that occurs 
early in the season to seedling plants, can still lead to 
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severe disease that can overcome the resistance.  These 
plants may become systemically infected which can often 
kill plants before the reproductive stages if they are 
infected early and severely enough.  This systemic wilt 
phase of the disease has historically been more common in 
western Nebraska and northeast Colorado where the 
disease has had its biggest impact on yield year after year. 
 
Cultural Practices:  Utilizing a combination of 
management strategies will provide the best results against 
this and other diseases.  Since the pathogen is known to 
survive for at least several months in infected residue, crop 
rotation to soybean or other nonhost crop can help to 
reduce the bacterial inoculum that you can expect to cause 
disease in future corn crops.  The results from research 
conducted in the 1970’s indicated that fall tillage of 
infected corn residue helped to reduce disease severity 
during subsequent seasons, but has declined in popularity 
during recent years and will not completely eliminate the 
disease.  Note that grain sorghum and some grassy weeds 
have been historically identified as hosts of the bacteria, 
although not observed in the field during this more recent 
outbreak of the disease.   
 
Rescue Treatments:  There are a number of products that 
are being tested for their efficacy against the pathogen with 
some mixed results.  These products include bactericides 
(such as Kocide 3000), some popular fungicides, surface 
disinfestants, and others.  During the trial conducted in 
2009, the treatments of Kocide 3000 applied within 48 
hours after inoculation significantly reduced Goss’s leaf 
blight severity in the susceptible hybrid, less so in the 
resistant hybrid, and also when applied prior to inoculation 
and pathogen infection (Tables 3 and 4).  Overall yield in 
those treatments were also increased, although not always 
statistically significantly higher than the comparable 
nontreated control.  The experiment was repeated in 2010 
with the addition of two more hybrids (110 RM Resistant 
and Susceptible) and more products, but the results were 
compromised by high variability due to inclement weather 
and field conditions and are not included here.   
 For additional information about Goss’s wilt and leaf 
blight, see the UNL Extension NebGuide, Goss’s Bacterial 
Wilt and Leaf Blight of Corn, and the Corn Disease 
Update in the 2012 Crop Production Clinic Proceedings.      
 
Other Diseases of Corn 
 
 Several additional diseases of corn can be exacerbated 
by injury.  Although the pathogens can infect and enter the 
plants without the aid of a wound, they will readily take 
advantage of them when they are available.  Wounds to 
any plant parts compromise the natural barriers created by 
the plants, such as the waxy cuticle and epidermis, which 
act as physical barriers with characteristics that naturally 
inhibit or slow microbial invasion.  Research has well-
documented that several stalk and ear rotting pathogens 
take advantage of wounds created by hail, wind, and insect 
injury (Bergstrom and Nicholson, 1999; Gatch, et al., 
2002; Payne, 1999).  Some of those diseases are: 
 Anthracnose stalk rot 
 Fusarium stalk rot 
 Gibberella stalk rot 
 Aspergillus ear rot 
 Fusarium ear rot 
 Common smut 
 
Because some of the common and important stalk and 
ear rot pathogens can take advantage of wounds created by 
insects, the use of certain Bt hybrids has successfully 
reduced the incidence of some stalk and ear rot diseases.  
Likewise, the concentration of mycotoxins (the secondary 
metabolites from some of those pathogens, such as 
aflatoxin and fumonisins) can also be reduced by 
minimizing insect injury with insect-resistant Bt hybrids 
and insecticides.  
 
Bacterial Blight of Soybean 
 
 Bacterial blight of soybean is a common bacterial 
disease of soybean in Nebraska that occurs typically early 
in the season to mid-July.  This disease is favored by 
cooler temperatures and cannot develop during hot 
conditions.    
 Symptoms typically develop after several days of rain 
with wind storms and or hailstorms.  Wind storms with 
blowing sand can also provide adequate injury for 
development of this disease.   Weather patterns like those 
in 2011 were definitely favorable for this disease and is 
why blight was observed in many areas of the state. 
Management of Bacterial Blight 
Genetic Resistance:  Soybean varieties vary in 
susceptibility to this disease. Cultivars that are not highly 
susceptible to the disease should be considered for planting 
in problem fields. 
Cultural Practices:  Primarily focuses on reducing 
inoculum by crop rotation and incorporating crop residue 
by tillage (where appropriate). To prevent the spread of 
disease, limit traffic with spraying and cultivation to times 
when the foliage is dry.  
Stem Canker of Soybean 
 
Most fungal disease are not impacted by plant 
damage, however, stem canker of soybean is one fungal 
disease that has been observed to be more severe in fields 
that are hailed.  Stem canker is not a common disease in 
Nebraska, but does occur some in the northern portion of 
the state.  This disease is favored by rainy, wet weather 
early in crop development.  If the disease is present and 
hail occurs, the disease can be much more severe.  There 
have been no studies performed that evaluated the direct 
relationship of hail with stem canker and management with 
a fungicide in hailed fields.  
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Management of Stem Canker 
Genetic Resistance:  Soybean varieties vary in their 
susceptibility to stem canker and resistant varieties should 
be used in fields with a history of stem canker.    
Cultural Practices:  Use crop rotation to reduce inoculum 
in fields.  Incorporation of residue will reduce inoculum 
and disease potential.   
Chemical :  Fungicide applications during reproductive 
growth stages have been shown to reduce disease severity 
with varying results.   
 
Rhizopus Head Rot of Sunflower 
 
 Rhizopus head rot, is caused by several species of 
Rhizopus, including R. stolonifer, R. arrhizus, R. oryzae, 
and R. microsporus.  These species may occur singly or in 
a complex.  The genus Rhizopus is a common fungus that 
occurs naturally in soils and as airborne spores. It is well 
known for causing soft rots of fruits, vegetables, and root 
crops, especially in post-harvest storage situations, but this 
is one of the few diseases caused by this group of fungi 
that occurs in field crops during the cropping season.  It 
has also been demonstrated to be a very serious and 
damaging disease in the Nebraska and other areas of the 
High Plains under the right environmental conditions, 
causing as much as 100 percent losses in severely affected 
fields. 
 
Symptoms and Life Cycle 
 The disease first appears as dark spots on the back of 
ripening heads followed by a watery, soft rot that later 
turns dark brown.  As disease progresses, heads dry 
prematurely, shrivel and tissues appear to shred.  The 
fungus can be observed inside shredded heads as coarse, 
threadlike mycelial strands that are later followed by the 
appearance of fungal reproductive structures (fruiting 
structures) called sporangia that look like small black dots 
about the size of pinheads and are filled with infective 
spores.   
 Even though Rhizopus spp. spores are found 
everywhere in the environment, it is considered to be a 
“weak” pathogen.  The pathogen needs assistance getting 
started and mechanical injury on heads is a prerequisite for 
infection and disease development.  Damage and economic 
losses are therefore extremely dependent upon a 
combination of factors including the creation of wounds, a 
warm, humid environment, and the time of the season that 
wounding and infection occur.  In Nebraska, wounds 
created by hail during summer thunderstorms are the most 
common source of opportunity for infection, although it 
has been noted that physical damage to heads caused by 
bird feeding or sunflower head moth infestation can also 
initiate development of the disease.  Head rot has rarely 
been observed before flowering even in the presence of 
wounding, so it appears that mature tissues are required to 
support the growth of Rhizopus spp.   
 
Damage 
 Yields are negatively affected in a number of ways, 
but the bottom line is because seeds in infected heads are 
reduced in weight due to lack of proper fill.  This can 
obviously affect profits for confectionary seed growers 
since payment is based on seed size.  If the peduncle 
becomes severely rotted, the head could literally fall off, 
resulting in complete loss from those affected plants. Yield 
can also be affected even if infection occurs late in the 
season due to the loss of seeds that have fallen to the 
ground from shredded heads.  Oil seed growers may also 
be adversely affected by head rot due to bitter or poor 
quality oils obtained from infected plants.   
For more information of this topic see the NebGuide:  
Rhizopus Head Rot of Sunflower in Nebraska, G1677 
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Table 3 and 4.  Evaluation of foliar treatments and application timings for management of Goss’s bacterial wilt and blight of field 
corn in Nebraska, 2009 
105RM Susceptible Hybrid 
         
Goss's Wilt 500 Kernel Yield 
Treatment             AUDPC Weight (g) (bu/A) 
No Injuryz + no inoculationy + no pesticide applied…………………………………        17 d       133 a    182 c 
No injury + no inoculation + Kocide 3000 46.1 DF 1.5 lb. + at inoculationw............        20 d       138 a    218 a 
No injury + no inoculation + Headline EC 2.09 at 6 fl oz + at inoculation…………        17 d       139 a    214 ab 
Injury + no inoculation + no pesticide applied………………………………………        15 d       140 a    197 abc 
Injury + no inoculation + Kocide 3000 46.1 DF 1.5 lb.+ at inoculation………………        15 d       142 a    200 abc 
Injury + no inoculation + Headline EC 2.09 at fl 6 oz + at inoculation………………        24 d       135 a    192 bc 
Injury + inoculation + no pesticide applied……………………………………………       133 ab       109 b    116 de 
Injury + inoculation + Kocide 3000 46.1 DF 1.5 lb. + pre-inoculation………………       119 bc       110 b    117 de 
Injury + inoculation + Headline EC 2.09 at 6 fl oz + pre-inoculation…………………       145 a       111 b    125 de 
Injury + inoculation + Kocide 3000 46.1 DF 1.5 lb. + post inoculation……………       110 c       113 b    134 d 
Injury + inoculation + Headline EC 2.09 at 6 fl oz + post-inoculation………………       138 ab       114 b    107 e 
Coefficient of Variation (%)           27         10      15 
 
105RM Resistant Hybrid 
        
Goss's Wilt 500 Kernel Yield 
Treatment             AUDPC Weight (g) (bu/A) 
No Injuryz + no inoculationy + no pesticide applied…………………………………       1 d    155 a     270 a 
No injury + no inoculation + Kocide 3000 46.1 DF 1.5 lb. + at inoculationw............       6 d    151 ab     267 a 
No injury + no inoculation + Headline EC 2.09 at 6 fl oz + at inoculation………..       1 d    155 a     274 a 
Injury + no inoculation + no pesticide applied……………………………………       3 d    149 abc     271 a 
Injury + no inoculation + Kocide 3000 46.1 DF 1.5 lb.+ at inoculation……………       1 d    145 abc     260 a 
Injury + no inoculation + Headline EC 2.09 at fl 6 oz + at inoculation………       4 d    142 bc     257 a 
Injury + inoculation + no pesticide applied………………………………………      77 d    139 c     222 b 
Injury + inoculation + Kocide 3000 46.1 DF 1.5 lb. + pre-inoculation………..……      66 d    148 abc     231 b 
Injury + inoculation + Headline EC 2.09 at 6 fl oz + pre-inoculation………………      86 d    143 bc     226 b 
Injury + inoculation + Kocide 3000 46.1 DF 1.5 lb. + post inoculation…………...      47 d    145 abc     225 b 
Injury + inoculation + Headline EC 2.09 at 6 fl oz + post-inoculation………………      68 d    143 bc     217 b 
Coefficient of Variation (%)                49       5        8 
zMechanically injured by "inoculator" machine or not 
yInoculation with Goss's wilt bacteria or not 
xPesticide application  
wPesticide application timing  
University of Nebraska-Lincoln, Korus, et al.  2010.  
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